The physico-chemical characteristics of various blended cement pastes are studied in presence of nanometakaolin (2, 4, 6 and 8%) and in absence and presence of some industrial wastes such as ground clay bricks, cement kiln dust and silica fume. These characteristics are investigated at different hydration times (1-180 days) via determination of the compressive strength, total porosity and chemically combined water content. In addition, the phase composition of the formed hydrates is investigated through X-ray diffraction analysis. The IR spectra of hardened cement pastes are also recorded. The results indicate that the presence of nanometakaolin accelerates the hydration of the pastes which exhibit higher compressive strength than the neat ordinary Portland cement, and improves some other characteristics of the different pastes.
The effect of these additives on the mechanical and chemical properties of plain cement pastes is investigated and reported in the literature. Ground clay bricks (GCB), known as homra, is a solid material produced from the manufacture of clay bricks. In Egypt about 5-10% of homra is a waste product. It is constituted mainly of silica quartz, aluminosilicates, anhydrite and hematite. Therefore, it acts as a good pozzolanic material which shows a slow rate and heat of hydration.
Metakaolin (MK)
Homra also shows good resistance to aggressive media such as sulphate and chlorides So the present study aims to investigating the effect of the presence of NMK on the mechanical properties and microstructure of some different blended-Portland cement pastes as will be mentioned below.
Materials and Methods

1. Materials
The materials used in this investigation are: ordinary Portland cement supplied from Helwan cement factory with blain surface area of 2945 cm 2 /g, nano metakaolin prepared from kaolinite by burning at 800° C for 2 hours, ground clay bricks, cement kiln dust and silica fume (SF) obtained from Toura factory and El Nasr Pharmaceutical chemical company, respectively. The chemical analysis of the utilized materials are given in Table ( 1),
Preparation of the cement pastes
Cement and the different additives are first mixed in the dry state to attain complete homogeneity. The pastes are prepared using W/S ratio = 0.27. Table ( 2) shows the designation and the percentage composition of the prepared mixes. After complete mixing, the resultant pastes are molded into specimens by using one-inch cubic moulds.
The moulds containing the pastes are cured in 100% relative humidity for 24 hours, then the specimens are removed from the moulds and cured under water for different hydration periods, namely; 3, 7, 28, 90 and 180 days. Some of the hardened cement pastes are tested by XRD (Cu Kα) and FT-IR spectra to investigate their structure. Also, the compressive strength, porosity and combined water content are determined for some chosen samples. Table ( 2): The designation and composition of the prepared mixes.
Materials
Oxide (%)
Results and discussion
1. Compressive strength
The values of compressive strength of the control mix (M o ) and blended cement mixes containing various percentages of nanometakaolin (MIAMID) are given in Table ( 3). Generally, it is found that the compressive strength increases on increasing the percentage of NMK up to 8%at all hydration ages. Similar finding are reported by
Morsy et al. (2008, 2011 and 2012) and by Petal (2012). Also Aiswarya et al. (2013)
found that partial replacement of cement with NMK (2-20%) has a greater influence on the strength of concrete than control concrete. Hence, the obtained results are explained on the basis that ultra-fine particles of NMK may fill the voids in cement pastes, thus making its microstructure somewhat denser. Also, the pozzolanic reaction of NMK with the free lime and calcium hydroxide (released during the hydration process) may produce excess calcium silicate hydrate that gets deposited in the pore system. This deposited Ca-silicate hydrate may cause the improvement of the compressive strength. shown that the increase in the compressive strength of the cement pastes reaches its optimum value at 4% NMK, 20% GCB and 6% CKD or SF, and hence 70% OPC. Then the values of the compressive strength are decreased as the percentage of GCB increases and those of CKD or SF are decreased. It is to be noticed also that the optimum compressive strength value is almost the same on using either CKD or SF. The increase in the compressive strength at 10 and 20 % of GCB may be due to the pozzolanic reaction of GCB and SF. However, the decrease in the strength at higher GCB concentration may be attributed to two factors; the dilution of OPC resulting in the decrease of C 3 S and β-C 2 S phases in the blended cement pastes and agglomeration of GCB around the OPC grains thus hindering the hydration process. Accordingly, the amount of hydration products is decreased leading to a decrease in the compressive strength as also reported by Kartini (2012). The slight increase in the compressive strength values in presence of SF than in case of CKD may be due to the pozzolanic reaction of SF with the librated lime leading to more production of ( the binder agent) 
2 . The porosity
Table (6) shows the total porosity of all mixes at the two hydration ages 7 and 180 days as representative examples. It is obvious that the total porosity of all the investigated mixes decreases with increasing the hydration ages. This may be due to the progress of the hydration reaction and formation of more hydration products (CSH) which fill the pores. Such results agree with those of the compressive strength. 
The chemically combined water
The values of the combined water content are found to increase with increasing hydration time for all the blended cement pastes as shown in Tables (7, 8 & 9) . This is due to the continuous hydration and accumulation of the hydration products. Table (7) indicates that the addition of the different percentages of NMK (2,4,6 and 8%) increases the combined water content at all the hydration ages compared to that of the control mix (Mo). A similar conclusion is reported by Abd El-Aleem et al.
(2005).
However, the presence of the other additives GCB/CKD and GCB/SF (Table 8 
4. Phase composition:
The X-ray diffraction (Cu Kα) partterns obtained after 90 days hydration of the control mix (Mo) and in the presence of 2, 4, 6 and 8% NMK (MIA-MID, respectively) are shown in Fig. (1) . It can be observed that, the intensity of the peaks characteristic of calcium hydroxide (CH) is gradually decreased as NMK-percentage is increased. This may be due to the high pozzolanic activity of NMK.
The diffraction patterns of the cement pastes containing 2, 4, 6 and 8% of CKD and SF in addition to the considered percentages of NMK and GCB (MIIA-MIID and MIIIA-MIIID, respectively) after 90 days hydration are given in Figs. (2 and 3, respectively). The intensity of the peaks characteristic of CH is found to decrease in case of the first two mixes (MIIA, MIIIA and MIIB, MIIIB) . Then, the peak's intenisties increase in the other two mixes (MIIC, MIIIC and MIID, MIIID). Also, it can be noticed that the intensities of the CH peaks in presence of CKD are higher than those in presence of SF. This can be attributted to the higher pozzolnic activity of SF than that of CKD. Figure (6g ): IR spectra of blended cement paste MIIID hydrated for 90 days.
Conclusion
From the above results, it can be concluded that:
 The compressive strength of all the blended cement mixes increases on increasing the hydration time, while, the combined water content for these mixes percentages decrease on increasing hydration time.
 The compressive strength of the blended cement pastes at all hydration times is increased on adding NMK.
 The blended OPC mixes with NMK show relatively lower values of total porosity compared to that of the control mix.
 The optimum value of the compressive strength is exhibited at 4% NMK, 20%
GCB and 6% SF or CKD.  Ambroise J., Maximillen S., and Pera J., "Properties of metakaolin blended cements". Advanced Cement Materials, 1(4), 161-8(1994) .
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